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1.  Description:  Technical  work  this  period  has  spanned  fonr  areas.  The  hrst 
was  continnation  of  work  on  developing  a  methodology  within  the  framework 
of  asymptotic  random  matrix  theory  (RMT)  to  explicitly  model  the  time  vari¬ 
ability  of  aconstic  channels  and  nsing  this  to  predict  nnderwater  aconstic  com- 
mnnications  systems  performance.  The  backgronnd  can  be  fonnd  in  Progress 
Reports  ^^3  and  for  the  prior  two  reporting  periods.  In  this  reporting 
period,  a  simplihcation  of  a  particnlar  cross-correlation  matrix  was  developed 
which  greatly  simplihes  the  expressions.  Work  continnes  on  both  the  fnll  com¬ 
plexity  and  simplihed  expressions  to  determine  if  the  simplihed  expression  still 
accnrately  models  the  problem.  This  work  falls  nnder  Research  Task  1  from 
Section  2.2  of  the  Technical  Approach  and  Jnstihcation. 

Dnring  this  time  period,  the  Principle  Investigator  also  continned  work  on 
evalnating  the  correlation  strnctnre  of  received  commnnications  signals  after 
they  have  been  converted  to  the  freqnency  domain  via  Fonrier  Transform  as 
described  in  Progress  Reports  ^3  and  ^4  for  the  prior  two  reporting  peri¬ 
ods.  This  work  falls  nnder  Research  Task  3  from  Section  2.2  of  the  Technical 
Approach  and  Jnstihcation. 

Dnring  this  time  period,  the  Principle  Investigator  has  also  worked  on  both 
strnctnred  graphical  based  techniqnes  and  iterative  Expectation  Maximization 
(EM)  based  approaches  to  exploiting  strnctnre  in  the  correlation  of  the  re¬ 
ceived  commnnications  signals  as  described  in  Progress  Report  ^4.  This  work 
is  related  to  and  exploits  the  resnlts  of  the  work  described  in  the  preceding 
paragraph.  This  work  falls  nnder  Research  Task  3  from  Section  2.2  of  the 
Technical  Approach  and  Jnstihcation. 

Dnring  this  time  period,  the  Principle  Investigator  condncted  one  VHF  acons- 
tics  test  in  a  wave  tank  and  prepared  for  and  condncted  one  VHF  ambient  noise 
test  in  the  ocean  with  Dr.  Grant  Deane  at  Scripps  Institntion  of  Oceanography. 
This  was  the  hrst  ehort  at  making  channel  and  noise  characterization  measnre- 
ments  in  the  held  (tank  and  ocean).  While  some  nsefnl  data  was  gathered, 
mnch  of  the  ehort  in  these  two  experiments  revolved  aronnd  diagnosing  and 
addressing  challenges  of  making  VHF  aconstic  measnrements  in  these  environ¬ 
ments.  In  parallel,  the  Principle  Investigator  continnes  to  work  with  vendors 
to  develop  a  new  system  for  collecting  fVHF  aconstic  held  data  that  addresses 
a  nnmber  of  the  short  comings  of  the  cnrrent  system.  This  work  falls  nnder 
Research  Task  2  from  Section  2.2  of  the  Technical  Approach  and  Jnstihcation. 

Dnring  this  time  period,  the  Principle  Investigator  also  attended  the  Aconstic 
Society  of  America  meeting  in  Pittsbnrgh,  PA. 
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2.  Major  Accomplishments  this  Period:  The  work  on  asymptotic  RMT 
for  modeling  the  performance  of  underwater  acoustic  communications  systems 
yielded  a  simplification  based  upon  sample,  lagged  cross-correlations  between 
Doppler  coefficients  at  different  frequencies  which  shows  a  relationship  between 
this  sample  cross  correlation  and  the  ensemble  correlation  matrix  of  the  re¬ 
ceived  signal  field.  Specifically,  if  the  sample  cross  correlation  goes  to  zero  as 
predicted  by  the  Wide  Sense  Stationary  portion  of  the  WSSUS  assumption, 
then  the  correlation  matrix  of  the  received  signal  held  is  time-invariant  even 
though  the  environment  (channel)  and  signal  held  themselves  are  time- varying. 

3.  Results  and  Recommendations:  None 

4.  Publications  and  Presentations: 

M.  Pajovic,  J.  Preisig,  “Performance  Analytics  and  Optimal  Design  of  Mul¬ 
tichannel  Equalizers  for  Underwater  Acoustic  Communications”,  revised,  re¬ 
submitted  to  and  accepted  for  publication  in  the  IEEE  Journal  of  Oceanic 
Engineering. 


